Phase s h i f t analyses using these and other published data were made a t t h e two lowest energies.
I,
angular range from 70 t o 180 i n the center of mass system was covered. Phase s h i f t analyses using these and other published data were made a t t h e two lowest energies.
I. Introduction
I The phenomenological analysis of low-to-medium energy pionnucleon scattering has usually taken the form of phase-shift analyses, 1
This type of analysis has had the difficulty that, except at the lowest energies, it is not always possible to determine whether a unique solution exists,
A possible route out of this difficulty is to start with a wellestablished solution at a low energy and to continue this solution upwards at small increments in energy. At each energy one would make the requirement of any solution found that it not only fit the data well, but also that it join continuously to the (presumably unique) solutions found at lower energies. We do not exclude that other criteria such as those established by unitarity and causality considerations (i.e., dispersion relations) be also imposed. In this manner one may hope eventually to establish a phase-shift solution that is unique at all energies for which sufficient data exist.
The object of this experiment was to increase the amount of data available in order to try to pin down a unique solution at energies , near -300 Mev. At the same time we attempted to resolve certain / was covered. The technique used was single scattering from a polarized proton target. Scintillation counter hodoscopes were used to detect both f i n a l -s t a t e p a r t i c l e s , with s u f f i c i e n t angular r e s o l u t i o n t o i d e n t i 0 e l a s t i c s c a t t e r i n g events from f r e e protons. The measured asymmetry of t h e counting r a t e i n any channel, upon r e v e r s a l of t h e d i r e c t i o n of t a r g e t p o l a r i z a t i o n (which i s normal t o t h e plane of s c a t t e r i n g ) , can be d i r e c t l y r e l a t e d t o t h e p o l a r i z a t i o n parameter,
~( e ) ,
once t h e degree of p o l a r i z a t i o n of t h e t a r g e t i s known.
Section I1 of t h i s paper o u t l i n e s t h e experimental procedure.
Section I11 contains t h e r e s u l t s of t h i s experiment. I n s e c t i o n I V we p r e s e n t t h e r e s u l t s of a phase-shift a n a l y s i s based on t h i s and o t h e r r e s u l t s a t 229 and 310 Mev.
F b e r i m e n t a l Procedure
A.
Beam and Target
The negative pion beams were produced a t t h e i n t e r n a l t a r g e t of t h e Berkeley 184" synchrocyclotron and guided out through t h e cyclotron s h i e l d i n g w a l l i n t o a second shielded a r e a known a s t h e meson cave. The magnet system was designed s o t h a t it could be tuned t o s e v e r a l d i f f e r e n t energies without having t o move e i t h e r t h e t a r g e t o r t h e concrete shielding. Momentum r e s o l u t i o n w a s +5$.
Ihta were taken a t beam k i n e t i c energies centered a t 229, 318, 337, and 390 Mev, as determined by range measurements, t o within 2$.
6
The polarized t a r g e t has been described elsewhere and t h e p r i n c i p l e s of operation w i l l not be repeated here.
weighing a t o t a l of approximately 22 grams and f i l l i n g a 1"
diameter X 1" long cylinder, were used a s t h e t a r g e t . The hydrogen in the water of hydration provided the protons capable of being plarized by the method of dynamic nuclear orientation, B. Method
*
The polarization parameter P in KN scattering was originally defined in terms of the recoiling nucleon from an unpolarized target.
If the scattering is taken to be in the horizontal plane, then for a given center-of-mass angle 9 , ~( 6 ) = number of nucleons with spin "up" minus number with spin "down" total number of nucleons recoiling at angle 8 (This "up" direction is more precisely defined below as the direction 2.)
Many such experiments have been performed, but they all have had to face the difficulty of determining the recoil polarization through making the nucleon scatter a second time.
With the assumption that parity is conserved in the interaction
or that it is invariant under time reversal, however, the same parameter can be 'determined with only one scattering if that scattering is from a polarized target. O n l y the differential cross section I(%) and target polarization $ need be measured. The relation between P, I, and easier to avoid systematic errors by measuring the two rates I and I , + -UCRL-17153 Rev. corresponding t o s c a t t e r i n g w i t h t a r g e t polarized i n t h e d i r e c t i o n of t h e normal t o t h e plane of s c a t t e r i n g and opposite t o t h a t normal, r e s p e c t i v e l y . Then what i s computed i s t h e asymmetry F i n a l l y (ignoring background), I n t h e experiment reported here, ~( 0 ) was determined by t h i s second method. The t a r g e t geometry was such t h a t I ; and ? were T h o r i z o n t a l i n t h e laboratory.
C.
Counters and E l e c t r o n i c s
All events were recorded a s coincidences between two counter hodoscopes which detected t h e s c a t t e r e d pion and r e c o i l proton a s i n d i c a t e d i n Fig. 1 . To extend t h e a v a i l a b l e angular range without doubling t h e number of counters, t h e polarized t a r g e t magnet was operated with opposite p o l a r i t i e s at d i f f e r e n t times. I n t h i s way pions s c a t t e r e d a t c e r t a i n angle which would miss t h e a r r a y with one s e t t i n g of t h e magnet w i l l be d e f l e c t e d i n t o t h e a r r a y with t h e opposite p o l a r i t y . W e hasten t o point out t h a t t h e s e p o l a r i t y r e v e r s a l s a r e not required t o reverse t h e d i r e c t i o n of proton p o l a r ization. Target p o l a r i z a t i o n r e v e r s a l i s accomplished, a t e i t h e r magnet p o l a r i t y , by a change of 0.3% i n t h e frequency of t h e microwave radiat i o n used i n t h e dynamic p o l a r i z a t i o n process.
The pion hodoscope and t h e normal proton hodoscope each had 12 counters overlapped a s shown i n Fig running t h e f u l l l e n g t h of t h e a r r a y s behind t h e 6 counters. Anti-
coincidence counters t o l e f t , r i g h t and above t h e beam were placed between t h e p o l e t i p s upstream from t h e c r y s t a l .
A coincidence between at l e a s t one counter i n each of t h e f m a r r a y s (pion "Q", pion ff(Pf', proton ff6", proton f f ( P f f ) a c t i v a t e d t h e "data-breakff i n p u t channel t o a n on-line PDP-5 computer. The i d e n t i t i e s of a l l counters which had r e g i s t e r e d i n coincidence were then stored d i r e c t l y i n t h e computer memory l a t e r t o be read out onto magnetic tape. The PDP-5 a l s o performed a p a r t i a l reduction of t h e d a t a and displayed surmnaries o f s e l e c t e d portions of it on a n oscilloscope.
D. Data Analysis
Analysis of t h e IEM compatible d a t a t a p e s produced by t h e PDP-5
was mainly performed using an IBl 7094 computer off -l i n e . Events f o r which one and only one b i n had r e g i s t e r e d i n each a r r a y were f u r t h e r 
N, /t B+ (background i s normalized t o t o t a l i N H I / j m J counts i n t h e non-hydrogen region)
NH r e f e r s t o non-hydrogen regions of matrix.
Target p o l a r i z a t i o n was reversed every two t o t h r e e hours t o keep p o s s i b l e long-term d r i f t s from a f f e c t i n g d a t a taken with one s i g n of t a r g e t p o l a r i z a t i o n d i f f e r e n t l y than with t h e other.
The scattering angle was calculated using a computer program which found the trajectories of particles through the measured magnetic field. Conjugate proton and pion counters calculated in this fashion agreed perfectly with the hydrogen peak regions found 0 in the data matrix. Within our resolution of about 1 laboratory angle, no evidence for error in scattering angle was formed.
E. Target Polarization Measurement
Target polarization was measured by a nuclear magnetic resonance technique, as described in references 6 and 7. This signal was monitored continuously during the run. Every half hour a slow (several minute) sweep through the NMR signal was made, during which the value of the rf level and its first derivative were digitized at small intervals. These data plus calibration signals (thermal equilibrium) which were taken approximately once every 24 hours were analyzed by computer program to give a corrected area under the resonance, which is thought to be proportional to the true polarization. The ratio of these areas, plus knowledge of the temperature and magnetic field at the crystal during calibration, yielded the absolute target polarization.
The polarization measured in this manner averaged 35% during this run. This rather low value may have been due to such factors as insufficient microwave power. On the other hand we cannot rule out the possibility of a systematic error in the polarization measurement. This possibility is supported both by internal evidence (certain difficulties encountered in the polarization-measuring electronics) and by external consistency with other data, mentioned below.
Results
The r e s u l t s of t h i s experiment a r e reported i n Tables I, 11, I11 and I V . They 
Rugge and Vik and those of Vasilevski e t a l . a t 310 Mev, our r e s u l t s t e n d t o l i e i n between t h e two, but perhaps a b i t c l o s e r t o t h e former.
I V . Phase S h i f t Analysis

A . Input Data
Using t h e present p o l a r i z a t i o n measurements along with other published d a t a a s input, we have made a phase-shift search a t 229 and a t 310 Mev.
The input d a t a used, besides our own, were:
For 229 Mev: n p p o l a r i z a t i o n a t 246 Mev ; n p t o t a l and d i f f e r e n t i a l cross-section a t 240 ~e v~; n-p t o t a l and d i f f e r e n t i a l 1 0 cross-sections a t 226 Mev ; and n-p charge exchange d i f f e r e n t i a l 
Also included were t h e non-spin-flip forward s c a t t e r i n g amphitudes
derived from dispersion r e l a t i o n s .
P a r t i a l wave amphitudes up t o and including L = 3 (F-waves) were
2 v a r i e d i n t h e search f o r minimum X , s t a r t i n g from values chosen randoml y w i t h i n c e r t a i n regions described below.
Because of l i m i t e d computer time and memory, it was considered i m p r a c t i c a l t o generate t h e random s t a r t s from points s e l e c t e d uniformly t h r o w h o u t t h e t o t a l range of t h e v a r i a b l e s (phase s h i f t S between -180' and +180°; i n e l a s t i c i t y parameter q between 0 and 1 ; for each partial wave). To reduce t h e region searched t o manageable proportions we made use of t h e f a c t s t h a t : 1) t h e s o l u t i o n s should l i n k up reasonably continuously with s o l u t i o n s found a t nearby energies; 2,) a t these low energies, t h e e l a s t i c i t y i s expected t o be near unity; and 3) F-wave amplitudes a r e expected t o be small. Whereas t h e s t a r t i n g points f o r t h e searches were s e l e c t e d within t h e r e s t r i c t e d regions defined below, t h e s o l u t i o n s found proceeding from t h e s e s t a r t s were not s o r e s t r i c t e d .
The selected regions i n each case centered about t h e solution found 4 a t a nearby energy by B33SV .
. .
B. 229 Mev
A t 229 Mev, t h e region f o r random s t a r t s was defined a s follows:
For S and P-waves, r) between 0.9 and 1.0, Searches were made s t a r t i n g from 40 points chosen randomly within these limits.
The BBSV solution o r minor modifications of t h i s solution were found 16 times, with t h e confidence l e v e l of t h e best f i t being 14s.
Another solution of confidence l e v e l 8$ was found once followed by solutions with confidence l e v e l s of 1$ o r less, fiolution B can be I ! excluded by using t h e Wigner condition17 t o l i n t r t h e E29 Mev phase solution. Table V I shows the parameters for each of these solutions.
I s h i r t s t o t h e 310 Mev phase s h i f t s given below. This condition s t a t e s
2
Other solutions had confidence levels of 0.5%~ or less (X 3 100). Table VII gives values of some quantities that were calculated from the various solutions. These quantities were not fit to experimental data within the program. The elastic cross-sections are reasonable in every case, but the inelastic cross-sections are generally too large. However, since very small changes in the 7 parameters would give agreement with the experimental numbers19, it has seemed acceptable toleave the solutions as they are.
V. Conclusions
The results of this experiment demonstrate that:
2,3 With respect to the conflict in the n-p polarization data at 310 Mev, our results lie between the two, but tend to be closer to those of Rugge and Vik. ' ' ' P r e s e n t address: Los Alamos Scientific Laboratory, Los Alamos, New Mexico. - Table I .
Ekperimental r e s u l t s f o r polarization i n fl-p s c a t t e r i n g a t 229 MeV. A systematic e r r o r of 10% i s t o be added because of uncertainty i n t h e t a r g e t polarization. UCRL-17153 Rev.
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